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CHAPTER I 
INTRODUCTION 
In recent years, the procedure of rapidly opening 
the midpalatal suture as a part of orthodontic therapy has 
been gaining popularity both clinically and as subject 
matter for current orthodontic literature. Numerous bene-
fits and claims have been described by men who have used 
and investigated this procedure in the treatment of patients. 
Davis and Kronman in the study of twenty-six patients 
showed that the maxillary intermolar width increased an 
average of 15.26 millimeters and that the maxillary inter-
canine width increased an average of 7.91 millimeters. With 
an observed measurable arch width increese upon rapid pala-
tal expansion an arch length change of some measurable amount 
must occur that may be useful in the treatment of arch length 
discrepancy malocclusions. 
It is the purpose of this study to investigate the 
occurrence and magnitude of change in the maxillary arch 
length accompanying rapid palatal expansion. It is important 
to determine if the arch length changes are predictable and 
whether or not the orthodontist can control and utilize the 
arch length change in his treatment of the case . 
1 
CHAPTER II 
REVIEW OF THE LITERATURE 
A. Historical Literature 
Many investigators have studied the procedure of 
rapidly separating the midpalatal suture. The first that 
can be found in the literature dates back over a century to 
the 1860's. E. H. Angell in 1860 used a threaded expansion 
device to widen the maxillary dental arch of a fourteen year 
old girl. The patient presented to Angell with maxillary 
crowding and a unilateral crossbite. He fashioned a jack-
screw type of appliance in which gold collars were adapted 
to the bicuspids on the right side and a clasp type collar 
to the second bicuspid on the left side. To these attach-
ments, Angell soldered tubular nuts with a shaft in the 
middle. The middle of the shaft was made square so that a 
key or wrench could be fitted to it for turning the device. 
The patient was instructed to keep the device uniformly as 
firm as possible. After a two week period, Angell found· the 
following results: "The Jaw was so much widened as to leave 
a space between the front incisors, showing conclusively that 
the maxillary bones had separated; while the left lateral in-
cisor had been brought completely outside the inferior teeth." 
Angell further stated that "to the best of my knowledge, this 
is the first instance in which an apparatus of the character 
in question has been employed for correcting irregularities 
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of the teeth." 
The editor of Dental Cosmos, J. H. McQuillen, imme-
diately challenged the validity of Angell's work and stated 
that: "With no disposition to assert that such a thing is 
utterly impossible, yet taking into consideration the ana-
tomical relations existing between the right and left 
superior maxillae and the other bones of the face with which 
they articulate, such a result appears exceedingly doubtful. 
Even admitting the impression of the writer to be correct, 
it would be a very strong argument against the use of such 
3 
an apparatus, for surely the irregularity of the teeth is a 
trifling affair as compared with the separation of the maxil-
lae, which could not take place without inducing serious 
disturbances in the surrounding hard and soft parts." 
J. D. White in 1860 also described an appliance that 
he explains as a simple, but effective method of expanding 
the maxillary arch. His appliance consisted of a plate in 
the roof of the mouth which was cut through to make two 
halves. The plate was attached to the first molars or bi-
cuspids and was activated by a spiral spring. White did 
not explain that he thought that he was separating the 
maxillary suture. 
Further reports in the early dental literature indi-
cate that the men employed rapid palatal expansion with 
varying degrees of success. Schroeder-Benseler (1912-1913) 
4 
stated that Hepburn in 1862 used a rubber plate with wooden 
wedges to acquire widening of the maxillae. They also men-
tion that Kingly (1866) used a hard rubber plate with a screw 
in the middle and Farrar (1878) used a screw to widen the 
arch. The first expansion plate with spring power according 
to Schroeder-Benseler was by Coffin. The appliance was re-
tained by capping over the teeth with the appliance and was 
given its force by a spring made out of piano wire. The 
spring was formed into a "W" and vulcanized into rubber. The 
appliance was then split in two, the spring was stretched, 
the appliance was compressed and inserted into the mouth. 
Pressure was exerted against the teeth and the palate and 
the suture was opened. Other men used the Coffin plate and 
wrote of success in opening the maxillary suture. 
After the first reports of palatal expansion, a great 
controversy developed as to the true separation of the suture 
and as to the necessity of treating cases in this way. Many 
investigators cautioned the profession against accepting the 
procedure. Ottolengui (1904) stated that the jackscrew as 
used by G. V. Black was causing mobility of the teeth due 
to the magnitude of the force used and these teeth could no 
longer be used as a stable anchorage unit as compared to 
teeth that have not been involved in such a procedure. Pfaff 
(1905) felt that this type of procedure would not be favor-
able to success. Work on dogs was done by Dewey (1913) in 
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which he found that the suture did not open. Federspiel 
(1912) stated that it was anatomically impossible to expand 
the maxillary suture after the development period. He claim-
ed that he made exploratory incisions in six cases in which 
he surgically exposed the palate, retracted a flap, and 
found no opening of the suture. He felt that the constricted 
maxillary arch could only be expanded by a slow, gradual ex-
pansion procedure. Ketcham (1912) admitted failure in open-
ing the suture and stated that slow, gradual expansion re-
sulted in a gentle stimulation of growth in the body of the 
maxillary bones as well as in the suture itself. Hawley 
(1912) studied occlusal and clinical results of fifteen 
patients treated with maxillary expansion procedure and 
stated that the evidence was not conclusive that the suture 
had opened and that he believed the plates of the palate 
had been stretched due to the action of the appliance. Also, 
considering the question of palatal separation, Cryer (19li) 
stated it was anatomically impossible to widen the midpalatal 
suture due to the architecture of the surrounding structures. 
Other men that were expanding the maxillary suture 
and finding varying results of success were Copeland (1903, 
1909), Dean (1909), Landsberger (1910), Babcock (1911), 
Willis (1911), Pullen (1912), Wright (1912), Northcraft (1914) 
and Lohman (1916). Dewey in 1924 reversed his previous de-
cision and stated that from further work on dogs, the mid-
-------------------- ______________ ...___..._;.y.:~'i-~~ 
palatal suture could be opened. He also stated that it was 
not necessary to open the maxillary suture to obtain expan-
sion of the nasal cavity. Barnes (1912) showed radiographs 
by Dr. Lodge and by Dr. Hill in which suture separation is 
thought to be seen. Barnes states that from maxillary ex-
pansion "the nasal spaces open, breathing and blood supply 
improves, and in nearly every instance it has reduced ner-
vousness." 
Along with the orthodontic profession during this 
time, rhinologists began to consider this as a procedure 
that could be useful to them as a rhinologic treatment. 
According to Pfaff, Lohman and Derichsweiler, the first 
rhinologists to become interested in this procedure was 
Eysell of Berlin. In 1866, Eysell suggested the influence 
that this procedure could have on the inner conformation 
of the nose. He apparently was met with skepticism from 
his colleagues and therefore abandoned the idea. In 1903, 
G.V.I. Brown advocated this procedure for the purpose of 
increasing nasal width. He also mentioned a possible con-
nection between a deviated nasal septum and a constricted 
maxillary dental arch. Brown wrote: "By the aid of pres-
sure which is so gently applied that there is no pain and 
but little inconvenience, it is possible in all young per-
sons to force the maxillaries apart by separating the median 
suture extending between the central incisor teeth and 
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through the central part of the hard palate." He further 
reported that this procedure increased nasal respiration, 
sinus drainage, and improved speech and hearing in some 
cases. 
Wright (1912) reported that he had made intranasal 
measurements on thirty patients treated for nasal insuffi-
ciency by using rapid palatal expansion procedure. He 
measured the distance between the antral walls below the 
inferior nasal concha and found increases up to 6.5 milli-
meters. All showed increases in width and from slight to 
marked improvement in intranasal respiration. Mesnard (1929) 
stated the nasal air passage was restored and that the pro~ 
cedure dislocated the maxillae in the midline, the vault of 
the palate and the floor of the hose were lowered, and the 
nasal septum was straightened. 
Other men who wrote of the rhinological aspects of 
palatal expansion were Bogue (1907, 1911), Dean (1909), 
' 
Brown (1909), Haskin (1912) and Schroeder-Benseler (1915). ! 
A few men during the early 1900's wrote of the suture 
itself. Wright (1911) stated that the fibrous connective 
tissue of the unossified suture was regenerated and next 
ossified following stretching of the fibers due to the ex-
pansion of the procedure. He also stated that he was not 
able to determine the age at which the suture normally ossi-
fied. Dewey (1913, 1914) stated that he thought a thin 
layer of connective tissue remained between the halves of 
the maxillae and that the suture was never obliterated. He 
concluded that osteoblasts were stimulated to fill in the 
sutural area opened by the procedure. Mesnard (1929) re-
ported that the suture became ossified after first being 
filled with osteofibrous tissue. 
During the 1930's and 1940's an almost complete 
abandonment of the procedure, at least in the United States, 
was seen. It was felt that the influence of Angle (1910) 
led to this decline. Angle's concept of functional develop-
ment became widely accepted. This concept held that if the 
teeth were gently moved into their proper relations by con-
servative orthodontic procedures and maintained in good 
functional occlusion for a period of time, normal function 
would cause stimulation of growth of the bone to support the 
teeth. 
The concept of Functional Development of Angle re-
mained popular in this country in spite of numerous failures 
to attain the objectives of the concept. These methods re-
mained popular and unquestioned until 1938 when Brodie pub-
lished findings of a radiographic examination of orthodon-
tically treated cases. Their finds showed that, "Actual 
bone changes accompanying orthodontic management seem to be 
restricted to the alveolar process." Subsequent investiga-
tions of a similar nature have further verified this conclu-
--------------·-------·-----<To·~ 
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sion that orthodontic changes in the dental arch and in the 
alveolar process that holds them do not extend into the 
supporting bone. 
B. Current Li terat.ure 
With the work of Brodie disproving the concept of 
functional development, the procedure of rapid maxillary 
expansion to separate the midpalatal suture was renewed in 
this country. One of the first men to discuss the use of 
rapid palatal expansion in the treatment of cleft palate 
patients was Harvold in 1950. Harvold conducted studies 
on monkeys and showed that there was movement of adjacent 
bony structures in the sutural areas along with movement of 
teeth, alveolar processes, and maxillary basal ·segments. 
9 
Derichsweiler (1953) observed many things other than 
an increase in the width of the dental arch and apical base. 
Derichsweiler felt that the following observations were seen: 
1) Increase in width of the nasal cavity, 2) Palatal vault 
lowered, 3) Base of the nose lowered, 4) Nose breathing in-
creased, 5) Deviated nasal septum corrected, 6) Maxillary 
arch width increases, 7) Lower jaw returns to a more normal 
position. 
In 1955 Thorne published a paper dealing with widen-
ing of the mediam maxillary suture. Thorne, at the Eastman 
Institute,carried out some forty suture widenings in cases 
10 
of maxillary contraction of patients between 8-15 years of 
age. He observed the following unpleasant conditions: 
1) Dirty conditions under the plate, 2) Irritation of the 
mucous membrane, 3) Few cases of caries lingually on the 
premolars, 4) Increased mobility of the teeth. Thorne also 
observed patients that complained of tension in the bridge 
of the nose but no actual pain was observed. Bite opening 
was seen in more than half of the cases and bite closing was 
observed in three cases. Some degree of tilting of premolars 
and molars was observed in 75% of the cases but this was ob-
served to correct itself with the removal of the appliance. 
Thorne observed a diastema between 0 millimeters and 5.2 
millimeters that formed between the central incisors. This 
diastema was reported to have closed spontaneously within a 
few weeks. Malan (1938), Korkhaus (1953), Derichsweiler 
(1953) and Gerlach (1956) also reported the formation of a 
diastema with spontaneous closure. The widening of the man-
dibular teeth was found to be unimportant due to an average 
increase of 0.7 millimeters. Using occlusal roentgenograms 
taken serially during treatment and a technic followed by 
Dewisch, Thorne found that in twenty-eight cases the !!apical 
base" was widened transversly between 1.3 and 6.5 millimeters 
with an average of 3.1 millimeters. The nasal cavity width 
was increased less and was found to be an average of 1.7 
millimeters. Thorne concludes by referring to work by 
----·~--....... ---_...----....... _ _____________ ....... ~------~ 
Ziebes (1930) on dogs in which he finds that the fibrous 
tissue is stretched between the palatal shelves and at the 
same time begins to rebuild itself with a deposition along 
the suture margins. Thorne believes that this action is 
similar in man. 
11 
Debbane (1958) with the use of cats studied the 
effects of expansion and contraction forces applied to the 
midpalatal suture. A U-shaped appliance was used in which 
the forces were applied to the cuspid teeth. Debbane ob-
served that a downward and backward tipping of the premaxil-
lae was present with expansive forces and an upward and back-
ward tipping was seen with contraction. He further stated 
that a greater degree of opening was present in the pre-
maxillary region than in the maxillary region. New bundle 
bone was observed to be laid down on the edges of the palatal 
plates bordering the suture and attributed this bone deposi-
tion by the stimulation of the connective tissue fibers of 
the suture being stretched. 
Bjork (1955) was first to use metal implants as markers 
to provide an accurate radiologic technique for measuring the 
increase in width of those areas of the maxillae where there 
are no standardized natural markers. This was done with the 
use of a special holding instrument which was pressed firmly 
against the selected point. The marker was then driven into 
place by an assistant driving in the implant with a leaded 
12 
mallet. Krebs (1959, 1964) used Bjork's method of placing 
implants to study the effects of expansion on twenty-three 
patients between the ages of 8-19 at the beginning of treat-
ment and studied through seven years. Implants were placed 
at the beginning of treatment on both sides of the zygomatic 
process of the maxillae in the hard palate lingually to the 
canines and first molars. Krebs observed that "rapid expan-
sion therapy resulted in a greater increase in width of the 
dental arch than in the basal bone of the maxillae. The 
greatest increase in the maxillary base occurred before and 
during puberty. After this period the effect of the expan-
sion on the maxillary base was smaller in relation to the 
widening of the dental arch. The increase in width of the 
maxillary base was not lost by relapse as was that of the 
dental arch; in fact, in patients still growing the width 
of the base increased further." Krebs further observed 
that when retention was discontinued there was reduction in 
the dental arch width but in no case was there total relapse. 
From a case report in 1959, Krebs stated that a rotation of 
the maxillary segments in the frontal plane was probably the 
cause of the difference in measurements between the infra-
zygomatic ridges and the maxillary segments and that this 
rotational effect is expressed by a greater width in the 
lower segments than in the upper segments of the maxillae. 
Haas (1961) reported on the procedure from studies 
Ii 
I 
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that were made on eight experimental pigs. His findings 
from the animal studies showed little or no indication of 
pain and that the maxillae offered little resistance after 
the initial adjustment. Increases up to 15 millimeters 
were seen in the upper arch width and that the mandibular 
teeth tended to follow the maxillary teeth. From alizari-
nated specimens new bone growth was seen to be rapid and in 
one case, occurred within five weeks. A bending of the 
alveolar processes with tooth tipping and lowering of the 
palatal vault was seen on embedded tissue blocks. From 
13 
these animal studies, Haas selectively used a similar 
operation on 45 clinical patients with maxillary or nasal 
insufficiency. Clinical findings showed that patients rarely 
complained of discomfort, only slight pressure upon initial 
activation of the appliance. Pressure can be felt at the 
alveolar process and vault of the maxillae, at the articu-
lation of the maxillae, frontal and nasal bones, and occa-
sionally at the zygomaticomaxillary and zygomaticotemporal 
suture areas. Haas also noted improvement in nasal respi-
ration in these patients. He stated that the spreading and 
reaction of the central incisors was one of the most chal-
lenging parts of the study.- He further explained the pheno-
menon as follows: "l) the gap created between the central 
incisors was about one-half as great as the distance the 
screw had been opened; 2) the roots diverged a greater dis-
I 
1! 
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tance than the crowns during the manipulation; 3) after 
manipulation ceased, the roots continued to diverge while 
the crowns tipped toward the midline; 4) after the crowns 
drifted together, the roots began to move mesially so that 
the incisors eventually resumed original axial inclination; 
5) this entire cycle, without benefit of unnatural forces, 
was completed in four to six months." Haas referred to 
. 
Brodie's explanation of transeptal fibers as part of the 
periodontal-like fibers that link all the teeth in the 
dental arch as the explanation for this phenomenon. From 
lateral headplates, point A was observed by Haas to move 
forward in all cases and downward as well in five cases. 
Haas theorized that as the sutures opened, the maxillae 
tended to move forward and sometimes downward, and that 
during retention, this activity tended to reestablish its 
original position. Haas concludes that the separation of 
the midpalatal suture is indicated in Class III and pseudo-
Class III malocclusions, in cases of severe maxillary com-
pression and patients with pronounced nasal insufficiency. 
A study of the forces produced during rapid maxil-
lary expansion was done by Isaa~~on and Ingram (1964). The 
study was conducted on five patients, all demonstrating 
bilateral crossbites with some degree of maxillary constric-
tion. Their findings indicated that a single activation of 
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force and that as a general pattern, younger patients show-
ed a smaller load production per activation. The force 
values recorded represented an indication of the resistance 
of the facial skeleton to expansion and therefore,· the find-
ings suggest that with maturity and age, this resistance in-
creases significantly. No significant changes in the force 
values present during the time the suture opened were appar-
ent. Isaacson, Ingram therefore concluded that the major 
resistance to rapid maxillary expansion is not the mid-
palatal suture, but the remainder of the maxillary articu-
lations. 
Cleall et al (1965) studied the expansion of the mid-
ii 
I palatal suture in twelve female Macacus rhesus monkeys. The 
results of their study leave no doubt that the midpalatal 
suture was opened with strong forces being applied to the 
maxillary arch. The bony defect created by the procedure 
was rapidly filled in by new bone and the region eventually 
returned to normal. They found that with the removal of 
the retention appliance, the healing process continued and 
at the end of a subsequent post-retention period, the suture 
showed no evidence of breakdown and resembled a normal 
sutural area. All the evidence showed that the flattened, 
widened palate and the repaired suture were stable. From 
animals sacrificed two weeks after expansion started, they 
found that the actual splitting of the sutures occurred 
16 
~0pidly and sometime before the· two week sacrifice. Lateral 
tipping at the buccal teeth was found following expansion and 
wos considered to be due to outward rotation of the alveolar 
p~ocess teeth, and palatal process after the suture opened. 
This rotation activity was further substantiated by histolo-
gical examinations of the periodontal ligament and alveolar 
bone which showed that the reactions around the teeth are 
1ess than are usually seen after gross tipping movements. 
They were unable to explai~ that after removal of the reten-
tion appliance, the teeth tended to tip back to a more nor-
mal axial inclination. 
A study of the f acioskeletal and dental changes re-
sulting from rapid maxillary expansion was conducted in 1966 
by Bayne et al. The sample consisted of five Macaca rhesus 
monkeys. Evidence from histological sections indicated that 
tooth movement was predominantly bodily rather than tipping. 
Histological studies of the sutures showed evidence of great 
cellular activity, the nasal suture showing the most. They 
found that this reaction appeared less the longer the ani-
mals were retained after expansion. The study concluded 
th~t as a result of expansion, concomitant changes occurred 
in the surrounding structures. 
An assessment of various dimensional changes due to 
separation of the midpalatal suture was made by Walters 
(1967). Metallic implants were placed in opposite sides 
f I 
of the palate, adjacent to the midpalate suture, on five 
Macaca mulatta monkeys. One animal showed five millimeter 
palatal suture separation and a total of six and one-half 
millimeters of dental arch expansion. Walters concluded 
that many changes occurred in surrounding structures accom-
panying suture separation including a decreased distance 
between the orbit and alveolar process, a distal movement 
of cephalometric point A, a thinning and widening of the 
palate, and a widening of the floor of the nose. 
Wertz (1968) studied changes in nasal airflow inci-
dent to rapid maxillary expansion. From his works, he con-
eluded that the opening of.the midpalatal suture for the 
sole purpose of increasing nasal permeability cannot be 
justified unless the obstruction is shown to be in the 
lower anterior portion of the nasal cavity and accompanied 
by a bilateral maxillary arch deficiency. 
Hoffer (1969) studied the effects of forced separa-
tion and consequent stability of the suture of the Macaca 
mulatta monkey. The following findings were noted as a 
result of this experiment: "l) the floor of the nose was 
widened and lowered; 2) the buccal teeth were carried out-
ward and slightly upward; 3) there was a broadening of the 
external nasal area giving a pug nose effect; 4) a patho-
logic crossbite of the upper buccal teeth resulted from 
the widening of the maxillary bones; 5) a large area of 
17 
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new bone filled into the separated suture which fluoresced 
under ultraviolet light; 6) the new bone was considered 
stable." 
Sugiyama (1969) studied the effects of midpalatal 
separation on the craniofacial complex by quantitative 
roentgenographic analysis. The sample was ten female 
Macaca mulatta monkeys. The findings by Sugiyama were 
based on tracing measurements obtained from occlusal, cross 
sectional cephalometrics, and frontal and lateral cephalo-
metric roentgenograms and were as follows: "l) increases 
up to 6.0 millimeters were recorded in alveolar arch. width 
and 7.0 millimeters in dental arch width; 2) the beginning 
normal occlusion was forced into a bilateral buccal cross-
bite; 3) the palatal processes were rotated in an upward 
and outward direction. The midpalatal region moved down-
ward resulting in a lowering of the palatal vault; 4) the 
laterally displaced teeth tended to revert back to a more 
vertical position following removal of the appliance, 
while the palatal process remained unchanged in position; 
5) adjacent sutural adjustment areas seem to govern the 
amount and direction of movement of the affected facial 
bones; 6) greatest changes in the lateral dimension were 
shown to occur in the lower levels of the vertical plane, 
decreasing superiorly to the fulcrum of movement located 
in the fronto-maxillary suture. The premaxilla, represen-
18 
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ted by prosthion, remained relatively stable anteropost-
eriorly during the expansion procedure. 
1,1 
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CHAPTER III 
MATERIALS AND METHODS 
A. Selection and Characteristics of the Sample 
Dental casts of forty-two patients who had under-
gone rapid maxillary expansion.at the Loyola University 
School of Dentistry Orthodontic Department were used for 
this study. The patients in this study all exhibited 
some degree of bilateral crossbite and ranged from 9 to 
17 years of age. There were 41 Caucasians and one Negro. 
Dividing the sample by sex, there were 26 females and 16 
males. In all cases, a fixed appliance was used for ex-
pansion and was retained after expansion from three to 
six months. Selection was based on evidence that the mid-
palatal suture had opened and on the basis of records that 
met the following requirements: 
1. Availability of study casts made prior to 
rapid palatal expansion. 
2. Availability of study casts made at the time 
of maximum expansion. 
3. Availability of study casts made at the end 
of the fixed retention period. This was 
following rapid palatal expansion, fixed 
20 
retention, and prior to any subsequent con-
ventional orthodontic treatment. Due to the 
difficulty of acquiring records in this 
stage of treatment, only nineteen samples 
were available. 
In the sample no consideration was given to whether the 
dentition was mixed or permanent. 
B. Methods of Obtaining Records . 
Maxillary impressions were taken on each subject 
using alginate impression material. Proper fitting trays 
were selected for each subject to insure an accurate im-
pression. The impressions were poured with Kerr Snow-
white plaster #1 immediately following the impression 
taking procedure. 
C. Measurements Used 
The plaster casts of the sample were analyzed to 
facilitate an understanding of the changes in the arch 
length following rapid palatal expansion. The following 
measurements were studied: 
1. Maxillary intermolar width: the width 
across the maxillary dental arch in the 
molar region. 
2. Maxillary intercanine width: the width 
21 
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across the maxillary dental arch in the 
canine region. 
3. Maxillary straight line arch length: the 
length of the maxillary dental arch on a 
straight line from the molar region to 
the most anterior point of the incisive 
papillae. 
4. Maxillary canine to canine arch length: 
the length of the dental arch from maxil-
lary canine to maxillary canine. 
5. Maxillary arch length: the length of the 
maxillary dental arch from distal of first 
molar to distal of the opposite first molar. 
D. Determination of Measurements 
The devices used in the cast analyses were the 
following: 
1. Boley gauge with a vernier scale to 0.1 
millimeters. 
2. Plastic millimeter rule. 
3. Length of straight brass wire .020 inches 
in thickness. 
The parallel beaks of the Boley gauge were reduced 
to sharp points. This was achieved by reducing their ex-
ternal surf aces only so as not to affect the accuracy of 
the instrument. 
The methods used to determine the relationships pre-
viously defined are as follows: 
1. Intermolar width: the beaks of the Boley 
gauge were placed in the central pits of 
opposite molars. In those teeth where the 
occlusal surface had been restored, the 
beaks were placed in the center of the 
occlusal surface opposite the buccal grooves. 
2. Intercanine width: the beaks of the Boley 
gauge were positioned on the cusp tips of 
opposite canines. In those cases where the 
canines were not present, the most distal 
point of the lateral incisors was measured. 
3. Straight line arch length: one beak of the 
Boley gauge was positioned in the central pit 
of the first molar, the other at the most 
anterior point of the incisal papillae. 
Both sides of the arch were measured in 
this manner and added together for total 
arch length. 
4. Canine to canine arch length: a plastic 
millimeter ruler was adapted along the 
23 
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labial surface of the maxillary six anterior 
teeth, the arch length was then measured 
from the mesial of the first bicuspid to 
the mesial of the opposite first bicuspid. 
5. Maxillary arch length: a length of straight 
brass ~ire was adapted from the distal of 
the first molar, along the arch bisecting 
the occlusal surface of the teeth to the 
distal of the opposite first molar measur-
ing the arch length. 
E. Statistical Treatment of the Data 
All the data collected from the linear measurements 
of these samples was analyzed, from which the mean and 
standard deviation were determined for each measurement 
of the casts at each stage in expansion. Comparison of 
each group of casts was accomplished using the recogni-
zed "t" test and probability scores for significant 
difference between the samples. The. means were finally 
analyzed using the correlation coefficient "r" to deter-
mine if a correlation exists between measurements before 
expansion and at the end of maximum expansion. 
CHAPTER IV 
FINDINGS 
The statistical analysis of the data obtained in 
this study is found in tables 1, 2 and 3. In all of the 
tables: "A" represents the straight line arch length in 
millimeters; "B" represents the canine to canine arch 
length in millimeters; "C" represents the molar to molar 
arch length in millimeters; "D" represents the intercanine 
width in millimeters; and "E" represents the intermolar 
width in millimeters. 
Table 1 represents the mean + one standard deviation 
of all measurements taken before expansion, at the end of 
maximum expansion and at the end of the retention period. 
Table 2 represents the comparison of the means before ex-
pansion to maximum expansion, maximum expansion to the end 
of the retention period, and before expansion to the end 
of the retention period using the "t" test for comparison. 
Both the "t" values and the degree of probability are 
listed in table 2. Table 3 represents a correlation of 
the changes in measurements before expansion to the 
measurements at maximum expansion using the correlation 
coefficient "r". The "r" value, "t" value, and degree of 
probability are given in this table. 
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The mean straight line arch length was 70.26 milli-
meters initially, 74.74 millimeters at the end of maximum 
expansion, and 72.48 millimeters at the end of the reten-
tion period. The mean change in arch length therefore was 
4.48 millimeters at the end of maximum expansion with this 
being statistically significant to less than .005. The 
mean change in arch length at the end of the retention 
period was 2.22 millimeters. This was statistically sig-
nificant between .10 to .05. 
The intercanine arch length mean was 49.08 milli-
meters initially, 52.7 millimeters at the end of maximum 
expansion, and 51.98 millimeters at the end of the reten-
tion period. The mean change in intercanine arch length 
at the end of maximum expansion was 3.62 millimeters. 
This was statistically significant to less than .005 .. 
The mean change at the end of the retention period was 
2.83 millimeters with this statistically significant be-
tween .05 to .025. 
The mean arch length measured from the distal of 
one molar to the distal of the opposite molar was 94.67 
millimeters initially, 100.1 millimeters at the end of 
maximum expansion, and 98.17 millimeters at the end of 
the retention period. The mean change at the end of 
maximum expansion was 5.43 millimeters and was statisti-
cally significant to less than .005. The mean change at 
27 
the end of the retention period was 3.5 millimeters and 
was statistically significant between .10 to .05. 
The mean intercanine width was 28.64 millimeters 
initially, 32.86 millimeters at the end of maximum expan-
sion, and 31.45 millimeters at the end of the retention 
period. The mean change at maximum expansion was 4.22 
millimeters and was statistically significant .to less 
than .005. The mean change at the end of the retention 
was 2.49 millimeters. This was statistically signifi-
cant between .05 to .025. 
The mean intermolar width was 40.13 millimeters 
initially, 47.48 millimeters at maximum expansion, and 
46.15 millimeters at the end of the retention period. 
The mean change at maximum expansion was 7.35 millimeters 
and was statistically significant to less than .005. The 
mean change at the end of the retention period was 6.02 
millimeters and was statistically significant to less than 
• 0 0 5. 
One of the important parts of this study was to 
ascertain what correlation, if any, exists between the 
change in the arch width and the change in the arch length. 
The correlation coefficient was determined for all measure-
ments before expansion and at maximum expansion. All com-
parisons showed a positive correlation with the intercanine 
arch length and intercanine width showing the greatest 
28 
positive correlation Cr= +.748). All correlation co-
efficients were statistically significant to less than 
• 00 5. 
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TABLE 1 
MEAN + ONE STANDARD DEVIATION 
Means of all measurements taken before expansion, at 
maximum expansion and at the end of retention. 
A. 
B. 
c. 
D. 
E. 
A: 
B: 
C: 
D: 
E: 
Before Maximum End of 
Expansion Expansion Retention 
70.26 + 5.82 74.74 + 5.69 72.48 + 6.1 
49.08 + 5.36 52.7 + 5.81 51.98 + 4.61 
94.67 + 6.80 100.l + 6.58 98.17 + 7.90 
28.64 + 4.47 32.86 + 5.35 31.45 + 4.76 
40.13 + 3.75 47.48 + 4.15 46.15 + 4.15 
represents the straight line arch length in millimeters 
represents the canine to canine arch length in millimeters 
represents the molar to molar arch length in millimeters 
represents the intercanine width in millimeters 
represents the intermolar width in millimeters 
',{> ~.c 
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A: 
B. 
C: 
D: 
E: 
TABLE 2 
11 t 11 TEST AND DEGREE OF PROBABILITY 
Before expansion vs. maximum expansion: 
"t II 
A. 3.527 p <( .005 
B. 2.930 p < .005 c. 3.673 p < .005 D. 3.871 p < .005 
E. 8.409 p < .005 
Maximum expansion vs. end of retention period: 
"t II 
A. 1.380 .10 > p >.o5 
B. 0.468 .35>P >.20 
c. 0.977 . 20 > p > .15 
D. 0.968 .20 /P ":::>.15 
E. 1.139 .15/-P-:>.10 
Before expansion vs. end of retention period: 
II t II 
A. 1.336 .10 >P >.05 
B. 2.005 . 05 >-P >. 025 
c. 1.358 .10 >P .>.05 
D. 1.737 .05>P>.025 
E. 5.518 p <:.~ 005 
represents the straight line arch length in millimeters 
represents the canine to canine arch length in millimeters 
represents the molar to molar arch length in millimeters 
represents the intercanine width in millimeters 
represents the intermolar width in millimeters 
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A. to B. 
A. to C. 
A. to D. 
A. to E. 
B. to C. 
B. to D. 
TABLE 3 
CORRELATION COEFFICIENTS 
r=+.559 
t=4.263 
p ~· 005 
r=+.587 
t=4.585 
p <· 005 
r=+.668 
t=5.677 
r<.005 
r=+.654 
t=5.46 
r<.005 
r=+.459 
t=3.267 P<. 005 
r=+.748 
t=7.127 
r<. 005 
B. to E. r=+.419 
t=2.918 P<· 005 
C. to D. r=+.531 
t=3.962 
r<.005 
C. to E. r=+.394 
t=2.71 
r<. 005 
D. to E. r=+.549 
t=4.154 p<. 005 
A: represents the straight line arch length in millimeters 
B: represents the canine to canine arch length in millimeters 
C: represents the molar to molar arch length in millimeters 
D: represents the intercanine width in millimeters 
E: represents the intermolar width in millimeters 
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CHAPTER V 
DISCUSSION 
The primary purpose of this investigation was to 
document the occurence and magnitude of change in the 
maxillary arch length accompanying rapid palatal expansion. 
If a predictable amount of arch length increase occurs with 
palatal expansion, then it may be useful in the treatment 
of arch length discrepancy malocclusions when palatal ex-
pansion is the treatment of choice. 
The intercanine and intermolar widths were deter-
mined prior to expansion, at maximum expansion, and at 
the end of the retention period. These widths at maximum 
expansion were significantly larger than those prior to 
expansion with the intermolar width showing the greatest 
change. Davis and Kronman (1969) showed that a large in-
crease in width of the maxillary molars and canines accom-
panied rapid palatal expansion and that the molars also 
showed the greatest change in width. They believed that 
the molars showed the greatest increase in width due to 
the attachment of the appliance directly to the molars. 
The arch length measurements were determined in 
the manner given in Chapter III, Materials and Methods. 
All of these measurements demonstrated a statistically sig-
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nificant increase at the period of maximum expansion. From 
these findings, it can be concluded that as the arch width 
increases, the arch length will show some significant in-
crease. 
In comparing the measurements taken prior to expan-
sion to the measurements taken at the end of maximum ex-
pansion, a positive correlation is found which was proven 
to be significant. 
. 
From the positive correlation, it can 
be concluded that as the arch width increases from expan-
sion, an arch length increase will occur. In comparing 
the mean of intermolar width change to that of arch length 
change, as measured from distal of one molar to the distal 
of the other, one can expect .74 millimeters of arch lengthi 
increase for each millimeter of intermolar width increase. 
The greatest positive correlation was seen in comparing 
intercanine width change to intercanine arch length change 
(r = +.748). From this correlation, one can expect .857 
millimeters of intercanine arch length increase with one 
millimeter of intercanine arch width increase. These re-
lationships are important because if the orthodontists can 
predict these changes in arch length, he can then success-
fully treat minor arch length discrepancy cases that ex-
hibit crossbites without the use of extraction procedures. 
The measurements, taken at the end of the retention 
period, did not prove to be significant. Difficulty was 
34 
encountered in accumulating adequate records of this stage 
because of the lack of patients not being treated by con-
ventional orthodontic treatment before the end of the re-
tention period. Further records should be accumulated at 
this stage in conjunction with a cephalometric study to 
see if the maxillary incisors tend to tip lingually. These 
measurements, even though not significant, did show a de-
crease at the end of the fixed retention period. This de-
crease would then tend to suggest a lingual tipping of all 
the teeth in the maxillary arch and a decrease in actual 
useful arch length gain. From this, it can be suggested 
that in order to utilize all available arch length gain, 
an arch wire must be used to hold all the teeth in their 
expanded position. 
•tat 
A. Summary 
CHAPTER VI 
SUMMARY AND CONCLUSIONS 
This is an investigation to determine the occurence 
and magnitude of change in the maxillary arch length accom-
panying rapid palatal expansion, and to evaluate these 
measurements statistically. 
Plaster casts of forty-two patients treated with 
rapid palatal expansion were analyzed prior to expansion, 
at maximum expansion, and at the end of the retention per-
iod. Measurements were made of the intercanine width, in-
termolar width, canine to canine arch length, molar to 
molar arch length, and a straight line arch length. The 
statistical analysis of the data obtained in this study 
represents the mean .:!:_ one standard deviation. The "t" 
test was used to compare the measurements before expan-
sion to the measurements at maximum expansion, the measure-
ments before expansion to the measurements at the end of 
the retention period, and the measurements at maximum ex-
pansion to the measurements at the end of the retention 
period. Both the "t" value and the degree of probability 
were determined. 
A correlation was determined between the measure-
35 
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ments prior to treatment and the measurements at maximum 
expansion. Both the "t" value and i;he degree of probability 
were determined for these correlations. 
B. Conclusions 
The following may be concluded from this study: 
1. A positive correlation exists between 
the measurements taken prior to rapid 
palatal expansion and the measurements 
taken at the end of the maximum expan-
sion. These were statistically signi-
ficant correlation coefficients. 
2. All measurements taken prior to expan-
sion and those taken at maximum expan-
sion exhibited a statistically signi-
ficant increase in value. 
3. The measurements taken prior to expan-
sion and those taken at the end of the 
retention period exhibited a statisti-
cally significant increase in inter-
canine width, int~rmolar width, and 
intercanine arch length. 
4. All measurements taken at maximum ex-
37 
pansion and those taken at the end 
of the retention period did not show 
a significant change but did show a 
decrease in measurements at the end 
of the retention period. 
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APPENDIX 
Note: All measurements are given in millimeters. 
Maximum End of I 
Patient Initial Cast Expansion Retention 
#1 A 62.0 69.4 
B 42.1 43.1 
c 85.4 90.4 
D 23.0 25.2 
E 36.7 43.3 
#2 A 66.8 69.5 
B 49.0 54.0 
c 89.0 95.0 
D 23.5 27.0 
E 38.4 45.8 
#3 A 72.7 76.7 74.3 
B 54.5 55.5 53.0 
c 98.4 106.5 103.3 
D 32.8 36.0 34.3 
E 41.3 48.2 46.3 
#4 A 72.5 80.8 
B 56.0 54.0 
c 102.2 107.8 
D 33.7 37.0 
E 37.2 44.7 
#5 A 74.4 80.5 78.9 
B 49.0 54.0 53.0 
c 103.0 110.0 107.5 
D 30.0 39.9 39.5 
E 34.0 47.0 46.9 
#6 A 79.7 80.3 
B 57.1 59.0 
c 100.6 106.0 
D 34.8 38.0 
E 46.5 47.7 
44 L-----------_,_ __________ ._. '1, 
Patient Initial 
#7 A 72.6 
B 46.0 
c 92.1 
D 28.2 
E 45.4 
#8 A 74.6 
B 51.0 
c 97.1 
D 34.7 
E 40.2 
#9 A 67.0 
B 52.0 
c 95.0 
D 28.6 
E 30.5 
#10 A 74.8 
B 53.5 
c 102.1 
D 31.7 
E 45.8 
#11 A 69.1 
B 47.5 
c 93.5 
D 29.6 
E 42.5 
#12 A 72.7 
B 42.4 
c 92.6 
D 23.6 
E 41.3 
#13 A 81.7 
B 38.5 
c 107.9 
D 30.6 
E 47.6 
Maximum 
Cast Expansion 
75.8 
48.0 
99.0 
30.5 
49.3 
80.0 
62.5 
100.5 
42.6 
53.4 
73.6 
55.5 
107.6 
35.0 
43.8 
78.9 
63.0 
103.l 
39.5 
51.7 
72.0 
48.5 
99.0 
35.0 
49.2 
74.7 
47.0 
102.1 
31.l 
43.4 
83.8 
41.5 
111.0 
33.2 
54.8 
45 
End of 
Retention 
70.l 
54.0 
103.5 
35.0 
40.9 
Ii 
I 
11, 
Maximum End of 
Patient Initial Cast Expansion Retention 
#14 A 68.7 73.1 70.2 
B 51.0 51.0 51.0 
c 95.0 97.8 96.5 
D 25.0 30.0 29.0 
E 35.2 41.4 41.2 
#15 A 80.0 88.7 85.0 
B 52.0 53.0 53.0 
c 100.5 111.0 111.0 
D 30.4 33.6 29.6 
E 40.5 52.6 51.2 
#16 A 73.4 76.2 
B 46.0 50.4 
c 99.2 100.2 
D 32.3 35.0 
E 45.8 50.2 
#17 A 77.1 82.0 
B 55.0 58.2 
c 101.9 108.2 
D 37.7 40.4 
E 47.3 54.0 
#18 A 70.4 74.8 
B 48.0 49.0 
c 93.2 97.9 
D 20.5 20.5 
E 40.5 48.3 
#19 A 66.5 74.7 
B 41.2 43.0 
c 87.2 97.0 
D 23.4 26.5 
E 38.4 52.8 
#20 A 74.8 80.0 
B 56.0 58.5 
c 96.2 104.5 
D 35.0 39.7 
E 43.0 53.0 
46 
Maximum End of 
Patient Initial Cast Expansion Retention 
#21 A 64.7 66.0 
B 37.0 40.0 
c 83.0 90.0 
D 24.0 27.7 
E 36.4 40. 4 
#22 A 72.8 76.1 76.l 
B 44.0 49.0 50.0 
c 94.0 99.0 96.0 
D 27.2 30.0 29.8 
E 45.3 51.5 51.5 
#23 A 73.1 76.7 75.6 
B 48.5 50.0 49.5 
c 99.2 101.0 99.0 
D 24.8 26.5 25.0 
E 39.0 42.8 42.3 
#24 A 77.1 81.2 79.4 
B 52.0 58.0 56.0 
c 100.9 107.0 106.0 
D 25.3 29.5 28.3 
E 41.l 52.0 51.8 
#25 A 63.2 65.4 65.3 
B 56.5 58.0 57.0 
c 85.5 90.8 90.0 
D 37.0 38.3 35.6 
E 41.7 43.7 44.0 
#26 A 65.2 69.6 69.2 
B 45.0 45.0 45.0 
c 91.2 94.5 94.2 
D 25.0 38.8 38.6 
E 39.7 46.1 46.1 
#27 A 79.0 80.8 
B 55.0 56.0 
c 98.2 102.2 
D 32.7 34.9 
E 40.5 50.0 
47 
Ma~imum End of 
Patient Initial Cast Expansion Retention 
#28 A 64.2 67.1 65.4 
B 40.6 44.0 41.5 
c 85.5 86.5 86.5 
D 20.4 22.4 21.0 
E 40.4 45.5 45.5 
#29 A 64.8 74.4 72.7 
B 43.4 61.5 60.5 
c 87.3 97.0 93.0 
D 25.0 39.7 36.9 
E 40.0 50.7 50.7 
#30 A 67.8 70.3 
B 44.5 47.2 
c 92.0 98.0 
D 25.3 28.5 
E 36.4 40.9 
#31 A 64.7 71.8 
B 46.0 55.0 
c 96.3 98.2 
D 29.3 37.3 
E 35.2 48.8 
#32 A 53.1 58.4 57.6 
B 43.2 46.5 46.0 
c 74.8 82.0 80.0 
D 26.3 30.0 31.0 
E 34.2 37.7 38.0 
#33 A 69.3 73.2 71.9 
B 54.5 56.0 54.5 
c 94.0 100.8 100.2 
D 28.2 29.0 28.5 
E 40.3 48.6 48.5 
#34 A 71.2 74.1 
B 52.3 56.8 
c 98.7 103.0 
D 26.0 28.1 
E 38.2 44.8 
48 
Maximum End of 
Patient Initial Cast Expansion Retention 
#35 A 78.l 79.6 79.2 
B 57.5 58.5 58.0 
c 110.0 111.0 110.5 
D 28.5 30.4 30.0 
E 39.2 47.8 47.7 
#36 A 70.l 72.0 
B 51.5 53.5 
c 98.2 100.0 
D 28.6 30.4 
E 41.1 48.4 
#37 A 69.0 74.8 
B 51.5 55.4 
c 93.4 97.3 
D 31.3 36.4 
E 39.2 49.4 
#38 A 63.4 71.6 69.3 
B 43.0 49.0 46.5 
c 89.0 95.1 93.0 
D 31.0 35.0 34.3 
E 37.4 46.2 46.2 
#39 A 62.4 66.3 
B 52.5 60.0 
c 89.1 94.0 
D 34.1 39.2 
E 38.2 46.l 
#40 A 65.4 70.4 69.8 
B 51.0 54.8 53.8 
c 89.0 95.8 95.0 
D 21.9 25.0 25.0 
E 39.1 44.1 44.1 
#41 A 69.8 74.0 70.0 
B 53.0 54.5 52.0 
c 95.4 100.5 96.0 
D 34.6 36.2 35.3 
E 40.9 41.4 41.2 
49 
Patient 
#42 A 
B 
c 
D 
E 
Initial Cast 
71.4 
51.2 
99.5 
27.3 
44.0 
50 
Maximum 
Expansion 
79.0 
55.5 
106.0 
31.5 
52.9 
End of 
Retention 
77.3 
53.4 
104.2 
31.0 
52.9 
lQ 
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